Calcium influx through neuronal-type nicotinic acetylcholine receptors present on the neuroendocrine cells of the porcine pars intermedia.
The properties of neuronal-type nicotinic acetylcholine receptors (nAChRs) present on the neuroendocrine cells of the porcine pars intermedia of the pituitary were studied in intact single cell using measurements of the free intracellular Ca2+ concentration ([Ca]i) with the calcium-sensitive dye fura 2. Local application of an extracellular solution containing 50 mM K+ or of the selective nAChR agonist, 1,1-dimethyl-4-phenylpiperazinium (DMPP) depolarised the cells and induced an elevation in [Ca]i. The effect of DMPP on [Ca]i was dose dependent (EC50 = 6 microM), reversibly blocked by d-tubocurarine and strictly dependent on the concentration of extracellular Ca2+. The calcium channel blocker Cd2+ (100 microM) reversibly blocked 80% of the response induced by 50 mM K+, whereas it reduced the DMPP response by only 50%. In the absence of extracellular Na+, DMPP no longer depolarised the cells but still increased [Ca]i. The rise in [Ca]i under these conditions represented 41% of the control response, i.e. in the presence of external Na+. Thus activation of nAChRs induced an elevation in [Ca]i which was in part independent of cell depolarisation. This was confirmed by recording simultaneously, under whole-cell voltage-clamp, a rise in [Ca]i associated with the inward nicotinic current. During prolonged application of the agonist (50 s), the amplitude of the nicotinic current decayed rapidly to a very low plateau level reflecting nAChR desensitisation. However, photometric experiments performed on intact non-dialysed cells revealed the presence of a slowly decaying phase in [Ca]i throughout the application of DMPP. This suggests the persistence of a substantial Ca2+ influx during prolonged exposure to the agonist. Taken together, our results show that stimulation of nAChRs induces an influx of Ca2+ which elevates [Ca]i. This phenomenon is due to activation of voltage-dependent Ca2+ channels and to Ca2+ entry through the nAChR.